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Abstract Title 
Missile launcher 



A method of launching a missile in a given direction comprises the steps of: 



i) 
ii) 



ill) 



storing a missile 2 in a housing 1 

ejecting the missile from the housing while imparting a tumbling motion to the missile, the 
direction of tumble being selected to decrease the angle between the longitudinal axis of the 
missile and the given direction 

firing the missile and steering it to the given direction, 
f ^ n ^^^''ln."''^.^u^ launcher is provided which is capable of firing a missile at any azimuth 

angle of between 0 and 360 within 0.1 second of receiving a signal to launch. The missile may be launched by 
a single ejector piston 4 at the base of the missile acting in a direction offset from the longitudinal axis of the 
missile. The cylinders 5 of the piston is pivotally attached to a plate 7 whose position is adjustable by an 
orthogonally arranged pair of linear activators 8, 9. i y a 
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MISSILE f.AUNCHFff 

This invention relates to a missUe launcher and in particular to a missUe launcher capable 
of launching a missile to engage an off-bore sight target with minimal delay. 

Current designs of missiles are not capable of rapid and directional launch; they tend 
either to be directed toward a target which is near the axis of the missile on launch or if 
the target is not near the missile axis on launch, time is taken to redirect the missile a^er 
launch. 

However, when the direction of attack is unpredictable and only a very short time 
wmdcnv zs available for effective response, the pointing of an entire launcher with its 
nussxle(s) m the direction of the target is normally an impractical proposition For 
example, a response time in the order of 100 milliseconds is reqmxed for a self-defence 
missile to mtexcept, for example, incoming missiles, attacking aircraft or re-entering 
ballistic warheads. The rocket motor on such a missile needs to develop a huge thrust 
level and rate of change of thrust to produce the necessary acceleration and rapid 
response. In addition, efflux gases are difficult to dispose of in many circumstances. 

A missile launching system capable of rapid directional launch is th<;refore required. 

ITie invention provides a method of launching a missile in a given direction comprising 

the steps of:- ^ ^ 

i) storing a missile in a housing 

ii) ejecting the missile from the housing while imparting a tumbling motion to the 
missile, the direction of mmble being selected to decrease the angle between the 
longitudinal axis of the missile and the given direction 

iii) firing the missile and steering it to the given direction. 

The invention fiirther provides a missile launcher for use in the above method and 
comprising:- 

i) a generally tubular housing in which a missile may be housed, the internal 
diameter of the housing being larger than the diameter of the missile; and 

") an ejector operable in use to eject the missile from the housing by a foiie acting 
along an ejection axis ofiF-set from the longitudinal axis of the missile and 
imparting a tumbling motion to the missile. 
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In a preferred embodiment of the invention (see drawings) the ejector is a piston which 
acts on the base of the missile. 

Further features of the invention are apparent from the claims and the following 

description with reference to the attached drawings, in which:- 

Figure 1 shows a cross-section of a missile launcher according to the invention 

Figure 2 shows a cross-section of a missile launcher according to the invention, showing 

a mechanism for opening doors in the end of the housing through which the missile exits. 

Figures 3a to 3d show a cross-section of a missile launcher according to the invention 

detailing the position of the missile and piston during the laimch sequence. 

In general, the lower the mass of the missile the more agile it can be, and the more readily 
it may be rapidly translated out of its . storage housing and rotated to point in the 
appropriate direction. The example given here is for a lightweight missile, which is 
required to be pointing in the correct direction and be clear of the launcher within 0. 1 
seconds of latmch command. 

hi the following, in referring to directions, the terms azimuth and elevation are used as 
though the launch housing of the missile were vertically disposed. It will of course be 
apparent that the launch housing of the missile may be disposed at a variety of angles and 
the terms azimuth and elevation should therefore be interpreted as relative terms. 

Figure 1 shows a launch housing 1 , of generally tubular form, which provides a storage 
container for the missile prior to deployment, and which is fixed to the launch platforai. 
The housing does not need to be of circular cross-section nor do the walls need to be 
complete. A perforated frame housing may be used if appropriate to the launch platform 
environment. In this example the housing is within the airframe of an aircraft, or within a 
suitably streamlined appendage thereto. The axis of the housing may be normal to the 
outer surface of its housing or the housing may be moimted at an oblique angle lo afford a 
degree of directional pre-aligtmient. If the housing is situated normal to the surface then 
the launcher would have an equal ability to point the missile in any angle of azimuth but 
if the threat direction can be constrained then an even more rapid average target 
engagement is possible. 
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Woh housmg I targer to the .mnimun. dian,.,er needed .o acconunodate to 
T " "f ™«,le begin while fte nussile is sZ 

paxualiy w,:hm fte launch housing. The degree of an„„,ar clean«ce benveen nnssi ^ 

TZZT " " '^'^ "''^^ - calouia J ast 

enable the maximum necessaiy angle to be obtained at end of launch. 

T^e annular gap which results ftom .he loose fit of missile in bore may be filled at the 
front and/or rear of the missile body by lightweight spacer segments 3 which may bl 
Ascharged wt* the mtssile and become detached from i, as it leaves the housing «Ce 
the mtsstle ts dormant these spacers, or pricings, locate the missUe within the housing 

^ egjess pomt for the missile) would nonnally be sealed by either a frangible clo^e 
12 (as shown m Figure 3b) or a ,eH:loseable door (as shown in Figure 2). 

At the base of the housing is a piston 4. or ram. and cylinder 3 arrangement which ejects 
the missile from the mouth of the mbe when said rvi!„H. ■ ■ men ejects 

<i J . ■ " cyhndcr is energised by hinh nressure 

flmd. As shown m Figure 3b it is oiBfisTr^) .„ , . pressure 

DowenaJ hv Prefaied to use a multi-stage telescopic piston 

powered by high pressure gas generated Som a pyrotechnic source such as pyn>technic 
^g^erator ,3. Tie choice of fluid and ram arrangement are dictated by instl^It: 
performance constraints. 

TTie operation of die pyrotechnic gas generator and piston are „„, considered significant 
» Uie essence of this invention, and such devices are commonly found in missUe^eco" 
for mih^ aircafr (eg. see UK patent 20789,2, Indeed, for certain applications.^nIy 

the tase Of the missile and also ensures that the «m remains accurately located on the 
central axis of the missile. 



Tie base of the ram cylinder assembly is also pivotably located, but to a thrust plate 7 

I^l'rr^""' n- ""^^ ™^ ^ ~ » 

an orthogonal pair of linear actuators 8 & Q 5ir««<T^^ ♦ 

J. , w.ttuiiorb 6 « y, arranged to provide a small but oreci^se 

: tj"^ axis in the Plane of the thrust plate. T„e axis of 
may then be adjusted to any point in. a square defined by the travel of the actuators. In 
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reality, the inscribed circle to that square will define the limits of travel required, enabling 
the azimuth angle and offset of the thrust vector to be fmely adjusted. The important 
measure is the distance by which the thrust vector misses the centre of gravity of the 
missile. As this point is- (in the example) Im from the end of the piston, a 3.5° angular 
offset gives a 60mm linear offset, and in conjunction with the high thmst of the ram, 
generates a large turning moment in the direction of the offset. 

The thrust plate actuators are also of known type and may be any type of rapid response 
servo-mechanism. In order to prevent slippage of the thrust plate under piston reaction 
loads, a high friction bearing surface 10 is arranged to react the load, and this surface is 
retracted by leaf springs 1 1 to facilitate actuator driven alignment of the plate. Upon 
being loaded by piston thrust, the springs are compressed, and the friction surfaces are 
then brought into effect 

It can be shown that, for a 20kg missile and a 40kN thrust over 300mm, a pitch angle well 
in excess of 35** can be obtained as the missile leaves the launch tube 67 milliseconds 
after fu-st motion. By the time the rocket motor has reached fiiU thrust, an angle of 90° is 
quite feasible. This is a fairly extreme case, but serves to demonstrate the capabilities of 
the system. 

For a cylinder housing length of 300mm, the 3.5° offset requires only 18.4 mm of motion 
at the thrust plate, and this can be achieved by electric or hydraulic actuators in the 
remainder of the 100 millisecond time window allowed for missile laimch. 

For airborne application of this invention it would be desirable to seal the open end of the 
launch housing after the missile has been launched. This could be done by hinged doors 
12 which are initially held closed by shear wires or similar and which are forced open by 
the emerging missile and re-closed after lavmch by powerfiil springs. By this means, the 
smooth outer surface of the aircraft may be restored, with attendant aerodynamic benefits. 
It is possible, by using a suitable linkage attached to the thrust plate, to employ the 
*recoir generated by the ejection piston to open the doors prior to missile egress and then 
employ a damper to prevent closure before the missile has completely emerged (see 
figure 2). 

An important part of the system control is a reliable and rapid boost motor on the missile 
so that boost thrust is achieved as the missile becomes correctly oriented. Additionally (or 
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altematively) a series of lateral thrusters may be incorporated in the missile nose so that 
as correct missile attitude is sensed by internal 'gyros', an appropriately aligned 
thruster(s) is fired to cancel excessive rotation of the missile, and prevent it from pointing 
towards the host aircraft. 

Figure 3 shows a succession of images of a typical extreme launch situation, illustrating 
how a large angle may be obtained without a need for an impractical housing diameter. 

It is most likely that the missiles appropriate for such rapid engagements will be fmless or 
will have small foldable fins which can be stowed within the missile profile during its 
time within the housing. For this reason, no provisions have been made for fin clearance 
in this description. Such an assumption accords consistently well with current techniques 
for tube launching of guided missiles and will be even more applicable to the thrust 
vector controlled missiles of the fijtiu-e. 

In operation, when a target or threat is detected by the sensor system which forms an 
essential part of any overaU defence installation its azimuth and elevation are converted 
by a suitable algorithm into displacement requirements for the thrust plate actuators on 
the launcher. The relative movements of the actuators will r^idly place the moveable end 
of the cylinder at polar co-ordinates, where the vector angle represents the 'azimuth' 
setting, and the radius (i.e. displacement from the tube axis) represents the 'elevation' 
setting. 

When the actuators have signalled their correct position the pyrotechnic gas generator is 
electrically initiated and energises the ejection ram. 

First movement of the ram piston opens the skin-mounted egress doors, or breaks the 
frangible cover, as appropriate. Further movement releases any radial constraint on the 
nose of the missile, thereby allowing the moment induced by the offset ram force to start 
the desired pitch/yaw acceleration, velocity and displacement of the missile. 

When the ram reaches the limit of its travel it is arrested by energy absorbing buffers 
within the cylinder. At this time, in the hypothetical example, the missile will be moving 
along the tube at a velocity of around 30 to 40 m/s, and a pitch/yaw rate of up to 10 
radians per second. Approximately 30 milliseconds will have elapsed from initiation of 
the pyrotechnics. 
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As the missile approaches the muzzle end of the launch tube, the annular clearance allows 
greater angular displacement before contact could occur between missile and the inner 
wall of the housing. Because the centre of gravity of the missile moves in a line parallel to 
the thrust line of the ram, and the nose of the missile moves in an opposite radial sense, 
any contact between missile and tube would occur at the tail end of the missile. 

The missile finally exits from the housing 80 milliseconds after initiation of the 
pyrotechnics, and is now at an angle of up to 35° from the axis of the housing, and 
moving in the direction of the threat. 

The missile's rocket booster will now, for example, be initiated by a combination of a 
timed interval from an acceleration threshold having been achieved during ejection, and a ' 
gyro output confirming a safe angle of alignment. 

Finally, if fitted, the launch housing's egress doors are closed and latched shut 

A system capable of pointing over 360^ azimuth and 0 to 90° elevation will cover a full 
hemi-sphere. It therefore follows that two of these systems, mounted in opposite 
directions, will fiilly address a threat to the host aircraft from any direction. 

The base of the piston could be positioned in a number of ways, for example by 
positioning the base of the piston by means of two or more positioning devices, 
preferably two low power, high speed actuators arranged at mutually perpendicular 
orientations which displace the base of the piston in a plane normal to the longitudinal 
axis of the tube. The contact between the piston and the base of the missile could be such 
that relative angular motion of piston and missile axes is possible, without significant 
relative motion in any translational direction perpendicular to the axis of the piston. This 
could be done, for example, by providing the contact between the piston and the base of 
the missile in the form of a ball and spherical socket joint, a ball and conical socket, or a 
ball and cylindrical socket joint. 

The missile need not necessarily be directed by tilting of the piston as described above. 
Alternative means for offsetting the ejection axis from the longitudinal axis of the missile 
may readily be imagined. For example the piston may act along the axis of the housing 
with tilt means provided to control the angle between the longitudinal axis of the missile 
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and the axis of the housing thereby controlling the amount and direction by which the 
ejection axis is off-set from the longitudinal axis of the missile. For example two low 
power, high speed actuators arranged at mutually perpendicular orientations situated 
along the length of the missile and acting to position the nose of the missile off the 
housing axis would suflBce. The actuators could for instance move a firangible skin 
engaging the nose, in a plane transverse to the housing axis (which skin may or may not 
be the same as the housing closure cover). Alternatively the closure doors or another 
member not shown in the drawings could engage the nose or another part of the missile, 
the doors or member being moved by the actuators to position the missile prior to launch 
and being rapidly withdrawn from the missile at the moment of launch in order to provide 
the clearance necessary for the missile to tumble. 

Alternatively the piston may act parallel to the housing axis and displaced from the 
longitudinal axis of the missile, the amount of displacement being selectively variable to 
control the amoimt and direction by which the ejection axis is off-set from the 
longitudinal axis of the missile. 

The diameter of launch tube needed to ensure unimpeded rotation of the missile during 
launch, is a function of the type of constraint between missile and ejector, and the way in 
which the ejection axis is offset relative to the missile centre of gravity. Some but not all 
of the various options are as foUows:- 

1. As shown in the drawings, in which the cylinder base is controllably displaced 
laterally of the missile axis, the top of the cylinder assembly being held centred in the 
launch tube by a supporting or gymbal arrangement 14 and the tip of the ram resting in 
the plug 6, thereby constraining the base of the missile to follow the line of the ram stroke 
which does not rotate relative to the launch tube during acceleration. 

In this instance, the fact that a moment is applied to the missile, but its base is constrained 
to trace a straight line along the fixed ram stroke while the moment is applied, means that 
an effective lateral force is also applied by the ram in the direction of the rotation of the 
nose of the missile. The ram must provide a lateral reaction force to resist the missile 
base's tendency to rotate about the missile centre of gravity outwardly of the ram stroke. 
The effect of this lateral force, which acts at the centre of gravity (CG) of the missile, is to 
move the CG in such a direction as to initially keep it closer to the centreline of the 
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launch tube, thereby reducing the tube radius requirement, and slightly enhancing the 
moment arm at which the ram acts (and progressively increasing missile pitch 
acceleration). 

2. If die ejector rahi is unconstrained apart from being located in the plug 6 and at 
the base of its cylinder body (i.e. the ram stroke can rotate relative to the launch tube as 
the missile is ejected), then the rotation of the missile will be substantially unimpeded, 
and the moment aim will be even greater; but this, combined with the travel of the missile 
CG in the direction of the ram axis, will demand more radial clearance between missile 
and launch tube to avoid contact. 

3. If the nose of the missile is offset, rather than the base of the ejector, and if the 
ejector ram is fixed rigidly along the axis of the launch tube, the nose displacement will 
need to be greater than for options 1 and 2 in order to generate similar moment anns, but 
the benefit is that the missile is partially tilted toward the target at the outset, and option 1 
is effectively duplicated but without the angled trajectory of the missile CG relative to the 
launch tube axis. The required radial clearance between tube and missile is therefore 
particularly small. 

4. If the nose is offset, but the missile tail is free to translate (i.e. the ejector ram is 
unconstrained as in option 2), the clearance needed will less than for option 2 but greater 
than for option 3. The missile will tend to rotate about its CG outwardly of the ram 
stroke, thereby increasing the offset of the ram stroke from the CG and enhancing missile 
pitch at the expense of required mbe radius. However in contrast to option 2, the ram 
stroke is initially aligned with the tube axis. 

5. Moving the tail of the missile to create a moment arm. This is relatively 
disadvantageous, as at the outset it decreases the launch tube to missile clearance at the 
most critical location. 

The missile launch can be thought of as somewhat similar to the early motion of a pencil 
balanced vertically on its point on a table. The constrained ejector is eqviivalent to a high 
friction table, whereas the unconstrained ejector is more equivalent to a frictionless table. 
If the pencil is given a slight angle from the vertical (equivalent to the ejector ofiset), in 
the frictionless case it will rotate and collapse more quickly as it falls over, since the CG 
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of the pencil will travel straight down as its base slides laterally. Therefore its CG does 
not need to accelerate laterally as well as downwards. 

Many alternative arrangements for providing the selected tumbling of a missile as it 
leaves its housing can be imagined and will fall wathin the scope of this invention. 



BNSOOCID: <G8 2374398A„I.> 



-10- 



CLAIMS 

1 . A method of launching a missile in a given direction comprising the steps of> 

i) storing a missile in a housing 

ii) ejecting the missile from the housing while imparting a tumbling motion 
to the missile, the direction of tumble being selected to decrease the angle 
between the longitudinal axis of the missile and the given direction 

iii) firing the missile and steering it to the given direction. 

2. A missile jauncher for use in the method of claim 1 comprising: - 

i) a generally tubular housing in which a missile may be placed, the internal 
diameter of the housing being larger than the diameter of the missile; and, 

ii) an ejector operable in use to eject the missile from the housing by a force 
acting along an ejection axis off-set from the longitudinal axis of the 
missile and imparting a tumbling motion to the missile. 

K A missile launcher as claimed in claim 2 in which the ejector is a piston acting on 
the base of the missile. 

A missile launcher according to claim 3, in which the piston is tilted relative to 
the longitudinal axis of the missile to control the amount and direction by which 
the ejection axis is off-set from the longitudinal axis of the missile. 

A missile launcher according to claim 3, in which the piston acts along the axis of 
the housing and tilt means are provided to control the angle between the 
longitudinal axis of the missile and the axis of the housing to control the amount 
and direction by which the ejection axis is off-set from the longitudinal axis of the 
missile. 

A missile launcher according to claim 3, in which the piston acts parallel to the 
axis of the housing and displaced from the longitudinal axis of the missile, the 
amount of displacement being selectively variable to control the amoimt and 
direction by which the ejection axis is ofif-set from the longitudinal axis of the 
missile. 

A missile launcher according to claim 4 in which the piston is tilted by two or 
more positioning devices acting on the base of the piston. 
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A missile launcher according to claim 7 wherein the positioning devices are two 
low power, high speed actuators arranged at mutually perpendicular orientations 
which displace the base of the piston in a plane normal to the longitudinal axis of 
the housing. 

A missile launcher according to any one of claims 3 to 8 wherein the contact 
between the piston and the base of the missile is such that relative angular motion 
of piston and missile axes is possible, without significant relative motion in any 
translational direction perpendicular to the axis of the piston. 

A missile launcher according to claim 9 wherein the contact between the piston 
and the base of the missile is a ball and spherical socket joint, a ball and conical 
socket, or a ball and cylindrical socket joint. 

A missile launcher according to any one of claims 3 tolO wherein the piston is 
mounted to a thrust plate resiliently disposed relative to a fixed mounting piece 
such that axial recoil of the piston drives the thrust plate into frictional contact 
with the fixed mounting piece to prevent undesirable lateral displacement of the 
piston during its contact with the missile. 

A missile launcher according to any one of claims 3 to 1 1 wherein the mouth of 
the housing (through which the missile is fired) is normaUy closed by doors, and 
axial recoil of the piston opens the doors to permit the missile to leave the homing 
on launch, the doors being self^losing after launch. 

A missile launcher according to any one of the claims 3 to 11 wherein the mouth 
of the housing (through which the missile is fired) is normally closed by fiangible 
doors. 

A missile launcher as claimed in any of claims 2 to 13 capable of firing a missile 
at any azimuth angle of between 0 and 360°, within 0.1 second of receiving a 
signal to launch. 

A missile launcher as claimed in claim 2 and substantially as described with 
reference to or as shown by the accompanying drawings. 
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